We conducted a retrospective study of 53 mastoidectomies in 51 p atients with acute otomastoiditis. In 26 cases (49.1%) , surgery had beenperformedwithin-iS hours ofthe development of symptoms. The most common complication ofacute otomastoiditis was subpe riosteal abscess, which occurred in 37 cases (69.8 %). Intracranial comp lications wereseen in 6 cases (II. 3%). The most commonpathogens isolatedfro m subperiosteal abscesses. the mastoid cavity, and intracranial collections were Streptococcus spp and Staph ylococcus aureus. In 14 cases (26.4%) , conservative treatment f ailed to cure acute otomastoiditis; such cases should raise a suspicion of a subperiosteal abscess, an underlying cholesteatoma, or an inf ection caused by gram-n egative bacteria. Upon hospital admission,patients should receive antibiotics that are effective against both gram-positive andgram-negativeorganisms. Patients with intracranial complications orfacial nerve paralysis may require a combination oftwo or more antibiotics. Longterm fo llow-up is highly recommended.
Introduction
Extracranial complications ofacute otomastoiditis include mastoiditis with bone destruction, subperiosteal abscess, petrositis, facial nerve paralysis, and labyrinthitis; intracranial complications include meningitis, peri sinus abscess, brain abscess, subdural abscess, extradural abscess, late ral sinus thrombosis or thrombophlebitis, and otitic hydroceph alu s.' Th e infection can spr ead from the middle ear or mastoid via bone erosion, thrombophlebitis, a preformed pathway, and/or hematogenous dis semination . In addition, the inflammatory process may pass the vascular channels thro ugh intact bon e by the pro cess of osteothrombophlebitis. Th e pre formed path way ca n be a normal opening in the bony wa ll, such as the oval or round wi ndow or the development al dehiscenc e of the floor of the hypotymp anum , or it can be a corridor created by a skull fracture or prev ious ear surgery. Extracranial complications are usually a direct result of the infection's spread, while intracranial complications have a variety of etiologies.P In this article, we describe our study of the treatment of a group of pat ients who had undergone mastoidectomy for the treatment of acute otomastoiditis over an 18-year period .
Patients and methods
We conducted a retrospective revie w of the records of all pati ent s who had undergone mastoidect om y for the tre atment of acute otom astoiditis at our institution betw een May I, 1984, and April 30, 2002. In add ition to obta ining demo graphic data, we reviewed the medical and surgic al notes to acquire information on each patien t's histo ry of preadmission middle ear infection, cl inical signs at present ation , the status ofthe contralateral ear, indications for surge ry, treatment before and after surgery, and surgical, bacteriologic, and radiologic findin gs . We also noted the short-and long-term surgical outcomes. We excluded from stud y consideration any patient who had a history of chronic otitis media or a known cholesteatoma.
A total of 53 cases invol ving 51 pati ents met our selection criteria (2 patients had undergone a second surgery for the treatment of a recurrent subperiostea l abscess 8 and 10 months following the initial surge ry). The stud y population was made up of26 males and 25 fem ales, age d I month to 79 years (median: 7.7 yr). The 53 cas es invol ved II infants (20.8%) , 16 children aged 1 to 2 yea rs (30.2%), 8 children between the ages of2 and 4 yea rs ( 15. 1%), 12 children between 4 and 11 years ofage (22 .6%) , and 6 adults ( 11.3%) . Th e mean duration of follow-up wa s 1.8 years .
Results
Presenting symptoms includ ed retroauricul ar edema and/o r ery thema in 41 cases (77 .4%) , auricular proptosis in 37 cases (69.8 %), otalgia in 16 case s (30.2 %), headach e in II cases (20.8%) , otorrhea in 11 cases , vom iting in 5 cases (9.4%) , menin gism in 5 cases , vertigo in 4 cas es (7.5%) , facial nerv e paraly sis in 3 cases (5.7%) , atax ia in 2 cases (3.8%) , and impa ired vision, aphas ia, and hem iparesis in I case each (1.9 %). Two patients were comatose upon admission .
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Of the 53 cases , the contralateral ear was normal in 27 (50.9%). In the remaining 26 cases, acute otitis media and serous otitis media were diagnosed in 16 (30.2%) and 10 (18.9%) contralateral ears , respecti vely.
In 13 cases (24.5%), symptoms of acute otomastoiditis had developed within 24 hours prior to hospital admission; in 4 of these cases, patients had been treated with oral antibiotics prior to admission. In another 13 cases , symptoms had appeared between 24 and 48 hours prior to admission, and preadmission oral antibiotics had been administered in 5 of these cases. In 19 cases (35.8%), the onset of symptoms had occurred between 48 hours and 7 days prior to admission, and oral antibiotics had already been initiated in 14 of these cases . Finally, in 8 cases (15.1%) , patients had been admitted at some point beyond 7 days after the onset of symptoms, and oral antibiotics had been initiated earlier in 6 of these cases . In all, preadmission oral antibiotics had been administered in 29 ofthe 53 cases (54.7%). The mean length of hospital stay was 10.2 days .
In 20 of the 53 cases (37.7%), patients had a history of at least one episode of acute otitis media (AOM ). In 2 of these cases , patients had experienced an intracranial compl ication (meningitis and per isinus abscess ). Nine patients had experienced a subperiosteal abscess , and I other had undergone surgery for the treatment of facial nerve paralysis secondary to a cholesteatoma. Of these 20 cases , II had been treated with oral antibiotics prior to admission.
In 33 cases (62.3 %), patients had no history of AOM . Among this group , 2 patients had meningitis, I was treated for an epidural abscess and cavernous sinus thrombosis, and I underwent drainage of a subdural empyema.
In the 29 cases in whic h preadmission antibiotics had been administered, the duration of treatment ranged from a few hours to 3 weeks. The most commonly prescribed antibiotics were amoxicillin, which was used in 10 cases (34.4%), and amoxicillin/clavulanate, which was used in 8 (27.6%). Other antibiotics included azithrom ycin , cloxac illin, ofloxacin, cephale xin, and trimethoprim/sulfamethoxazole .
Preadmission myring otomy had been performed in 7 patient s, all of whom underwent mastoidectomy for a subperiosteal abscess.
Of the 53 mastoid ectomies, 29 (54.7%) had been performed on pat ients with a clinical subperiosteal absces s in the mastoid region, 14 (26.4%) on patients who had not responded to conservative treatment, 3 (5.7%) on patients with meningitis , 3 on patients with facial nerve paralysis, I (1.9%) on a patient with perisinus absce ss, I on a patient with subdural empyema, I on a patient with an epidural abscess and cavernous sinus thrombosis, and I on a patient with suspected sigmoid sinus thrombosis .
Of the 14 mastoidectomies that had been performed because conservative treatment had failed , 4 were performed 220 between 24 and 48 hours after admission; a subperiosteal abscess was found in 3 of these cases, one of which had been underdiagnosed on comput ed tom ography (CT). The other 10 were performed between 48 hours and 26 days after hospitalization . A subperiosteal abscess was found in 5 cases, and a cholesteatoma was remo ved during I of these.
Ofthe 3 cases ofmenin gitis, I mastoidectomy had been performed because of a worsening of symptoms and the appear ance of seizures, I because of the development of facial nerve paralysis, and I because the patient exhibited evidence ofbone erosion toward the posterior cranial fossa, which was demonstrated on CT.
In the 3 cases offacial nerve para lysis , CT had suggested a cholesteatoma in 2, and this radiologic diagn osis was confirmed during surgery. In the third case, mastoidectomy had been performed because of the onset of a complete facial nerve paralys is despite intensive antibiotic treatment upon admission. In all 3 cases , facial nerve function was completely restored within a few months of surgery.
CT was available in 45 cases , and it correctly identified 26 of 27 subperiosteal abscesses (96.3%) and 17 of 18 mastoid cortex erosions (94.4%) in patients with subperiosteal abscesses or intracranial complications, including epidural abscess , subdural empyema , and perisinus abscess. CT overdiagnosed sigmoid sinus thrombosis in I case and mastoid corte x erosion in 2 cases-I child with a subperiosteal abscess and 1 child with meningitis. In the diagnosis ofcomplicated acute otomastoiditis in our study, the sensitivity ofCT was 97% and the positive predicti ve value was 94%.
The most common intraop erative finding was the combination of pus and granu lation, which had been seen in 38 of the 53 cases (71.7%). Purulent discharge alone was seen in 9 of the 53 cases (17.0%) and granu lation alone in 6 cases (11.3%). Associated cholesteatoma was removed in 6 cases.
Bacteriologic cultures were obtained in 42 cases. In 6 of the 42 cases (14.3%), the pathogens that were cultured from the middle ear during myrin gotom y or from the external auditory canal were different from those that were isolated from a subperiosteal abscess , mastoid cavity, or intracranial collection. In 3 of these cases , Streptococcus pyogenes had been isolated from the aural discharge, but Stap hylococcus aureus was found in the subperiosteal abscess. In I case , Haemophilus irfluenzae was found in the ear and S pyogenes in the abscess, and in another mixed flora were found in the ear and Escherichia coli in the abscess. In the final case, different types of S aure us were isolated-coagu lase-negative in the abscess and coagulase-positive in the ear.
In 36 of the 53 cases (67.9%), purulent discharge was obta ined from a subperiosteal abscess, mastoid cavity, or intracranialcollection. Eleven of the 36 specimens (30.6%) did not yield any growth, including 7 that had been obtained ENT-Ear, Nose & Throat Journal ' April 2005 from patient s who had rece ived antibiotic treatment pr ior to adm ission . With respect to the positive cu ltures , S aureus was found in 6 of the 36 cultures ( 16.7%), S pyogenes in 6, Streptococcus pneumoniae in 4 ( I I. I%), both S aureus and S pyogenes in 2 (5.6%) , Pseudomonas aeruginosa in 2, E coli in 2, H irflu enzae in I (2.8%), Klebsie lla pneumoniae in 1, and Ac tinomyces-like bacteria in 1.
Cultures were obtained in 9 of the 14 cases in which patients had not responded to conservat ive treatment. Three we re negative, 2 grew P aeruginosa, 2 grew E coli, 1 grew S aureus , and 1 grew both S aureus and S pyogenes.
In all, 6 of the 53 mastoidectom ies were perform ed on patients who had an intracranial complication; this group was made up of3 males and 3 females aged betwe en I and 75 years (3 children and 3 adults). These 6 cases includ ed 3 cases of menin gitis, 1 case of subdural empye ma, I case of perisinu s abscess, and I case of epidural abscess and cave rnous sinus thromb osis. The latter 3 patient s also underwent drainage of an intracranial collect ion. Four of the 6 patients had no history of AOM , I had been treated for AOM on an outpat ient basis for 3 weeks, and the patient with peri sinus empye ma experienced an episode of AOM 6 weeks prior to admission. One of the 3 patie nts with meningitis had developed pneumococcal men ingitis 6 mont hs prior to admission. Culture specimens were take n from the masto id cavity of 2 of the 3 patients with meningitis; I grew S aureu s and the other was ste rile. In the third patie nt with men ingit is, S pneumoniae was found in blood and cerebros pinal fluid (CS F) cultures. S pneumoniae was also found in blood and CSF cultures of the patient with subdural empyema, S aureus was cultured at surgery in the patient with epidural abscess , and Spyogenes was isolated from the mastoid cavity of the patient with perisinus abscess.
Mastoide ctomy with a sing le antibiotic was effective in all 29 cases of clini cal subperio stea l abscess. Cefuroxime was administered in 13 of these cases; followin g surgery, cefurox ime was switched to ceftriaxone in 2 cases and to am ikaci n in 1. Intravenous amoxici llin/c lavulanate was the initial treatment in 11 cases; postoperatively, it was changed to cefuroxime in 6 cases and to ceftr iaxone in 1. In 4 cases, pat ients were trea ted with ceftr iaxone both before and after surgery. The I patient wit h P aeruginosa in the abscess cavity and associated cho lesteatoma was treated wit h ceftazidime both before and after mastoidectomy.
Of the 14 mastoidectomies that had been performed beca use conservative treatment had failed, the initial ant ibiot ic was switched posto peratively in 5. Arnox icillin/cl avulanate was switc hed to cefuroxi me in 1 case, to ceftazidime in 1 case, and to ceftazidime and amikaci n in 1 case; cultures of pus taken from the mastoid or abscess cavity in these 3 cases we re sterile. In 2 cases, cefuroxi me and ceft riaxo ne monotherapies were changed to ceftazidim e; cultu res of the mastoid cavity grew E coli and P aeruginosa, respectively.
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Two or more antib iotics were used in 8 cases-5 cases of intracra nial complications, 2 cases offacial nerve paralysis with a cholestea toma found at surgery (including 1 case of P aeruginosa infection), and 1 case of E coli cultured from the mastoi d.
During follow-up, 9 of the 51 pat ients ( 17.6%) experience d one or more episodes ofAO M, 3 (5.9%) experienced sero us otitis media, and 1 (2.0%) developed chronic otitis med ia that required a radica l mastoidectomy. In addition, 3 patients experienced recurrent mastoiditis severa l months following surge ry. Finally, 3 others experienced a seco nd episode ofsubperiosteal abscess; 2 of these patients required a repeat operation, and the other had a very small absces s that resolved with conservative treatment.
Cholesteatoma had been found at revision surgery in 4 of the 51 patients (7.8%) . In 1 of these patient s, the cholesteatoma was seen durin g the first masto idectomy and removed dur ing a seco nd-look mastoidectomy 8 months later. In anot her patient , .recurren t subperiosteal abscess developed 10 month s posto perative ly; that cholesteatom a was discovered during revisio n surgery to remove the abscess . In the other 2 patie nts, cho lesteatoma was diagnosed on routine observation 1 year postmastoidectomy.
Discussion
Our study focused on ( 1) patients who had undergone masto idectomy for the treat ment of known or suspected comp licatio ns ofacute otomast oiditis and (2) patients who had failed to respond to conserva tive treatment, including IV antibiotics and myringotomy. Ou r case managem ent protoco l ca lls for a myringotomy at the first examination, administration of IV antibiotics, and CT of the temp oral bones. We also order contra st-enhanced CT of the brain upon admission in cases of known or suspect ed complications and in patients who respond poorl y to 48 to 72 hours of medical therapy. Of course, antibiotic therapy can be changed on the basis of culture results.
Our finding that 26 of the 53 mastoidectom ies (49 .1%) had been performed within 48 hou rs of the onset of symptoms is consistent with results publ ished in oth er reports.':'
The percentage of bacteria isolated in aura l discharge, in the mastoid and abscess cavi ties, and elsewhe re varies among studies .>" In cases of complicated acute oto mastoiditis, we believe that the true pathogens can be found only in the subper iosteal abscess, the mastoi d cavity, or the intrac rania l collection. The problem we face is that at the time of surgery, most patients have already been trea ted wit h anti biotics, and therefo re many of their cultu res show no orga nism growth. In our study, for example, 11 of the 36 specimens (30.6%) obtained intraoperatively were steri le.
Of the 14 mastoid ecto mies that had been performed bec aus e patients had not responded to conservative therap y, a subperiosteal absc ess was found in 9 (64 .3%) , I of which was assoc iated with a cholest eatoma . In addition to subperiosteal abscess and cholesteatoma, another cause of treatment fai lure is infection with gram-negative bac teria.
The bacteriology of intracranial complications of acute otomastoiditis has changed over the years . In 1983, Gower and McGuirt reported that H influenza e was the most common cause of meningitis in otomastoiditis (39% of cases), followed by S pneumoniae and P aeruginosa:"
By contrast, we found H irfluenzae in only I case , that of a patient with a subperiosteal abscess. In fact, our patients with intracranial complications harbored S aureus, S pneumoniae, and S pyogenes. We suggest that patients w ith H irfiuenzae infection respo nd we ll to conservative trea tment, and therefore they do not require surgery.
In 29 of the 53 cases in our series (54.7 %), ora l antibiotics were administered prior to admission . It is a wellestablished fact that acut e mastoiditis and other complications ofAOM ma y occur despite antibiotic treatment and myringotomy.3.6.s-,o.13-'6 Even so, myringotomy is helpful for releasing pus from the middle ear and for culturing the effusion.
We accept the supposition that some pat ients wit h acute mastoiditis deve lop a pri mary infection of the bony framework of the middle ear cleft. 17 Facial nerve paralysis and intracranial complications were seen both in children and adults in our study. Subperiosteal abscess is primarily a children's disease, and in older children it can be associated with cholesteatoma. In our series, subperiosteal abscess was found in children between the age s of 5 months and II years (5 of them infants); it was found in I adult, as well. In addition to subperiosteal abscess, cholesteatoma was seen in 2 11year-old boys.
All of our patients were successfu lly treated with IV antibiotics and mastoidectomy (simple, modified radical, or radical) with or without the insertion of a ventilating tube , although some patients with recurrent subperiosteal abscess or cholesteatoma required revi sion surgery. Intracranial collections were simultaneously drained at mastoid surgery. Single-drug therap y with mastoidectomy was effective in all but 8 cases. We obtained good results with the use of cefuroxime and ceftriaxone. Antibiotics that are effective against both gram -positive and gram-negative organisms should be administered upon admission to patients with complicated acute otomastoiditis. Intracranial complications and cases of facial ner ve para lysis may require a combination of two or more antibiotics in addition to surgery. Two recent studies have sho wn that cephalosporins are the most frequentl y used antibiotics in the management of acute mastoiditi s.l'':"
In our study, CT of the temporal bon es and brain had been extremely helpful , yielding a sensitivity of 97% and a positive predictive value of 94% in the diagnosis of complications of acute otomastoiditis. CT shou ld be 222 performed on all patients prior to mastoid surgery. CT is also recommended for all patients who have known or suspected complications and in those who have not responded to conservative treatment and for whom surgery has not been planned.IS One study of patients who had undergone mastoidectomy for the treatment of acute mastoiditis revealed a high percentage (33%) of postoperati ve middle ear infection." In our series, di fferent kind s of middle ear and mastoid infection developed in 19 of the 51 patients (37.3%), and cholesteatoma was found at revision surgery in 4 patients (7.8%). Long -term follow-up for these patients is, therefore, highly recommended.
